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Tbs subject of electromotive forces in non^-aqueous solvents : f was-first, studied by -JonesHe measured the electromotive "force of a number of cells of the type Ag -A^N0^*aq -A^NOa^alc -using the same concentration of silver nitrate on each side. His originaliidea was to determine by this method the -decree of iissooiation of the silver nitrate sin the second solvent, assuming that the solution tension of silver -is the same in alcohol as ; it is in water. He soon -found that the solution tension of a metal is not the same-for all solvents, but has a distinct characteristic value for every solvent. ' Osin<? the values-for the dissociation of silver nitrate in alcohol found by Vollmer' he found the ratio between the solution tension of silver in water and in ethyl alcohol to be between 0*021 and 0*024, whixh would indicate that the solution tension of silver in alcohol is approximately 40 times smaller than the solution tension of silver ;in water. Owing to the uncertainty as to the decree of dissociation of silver nitrate in ®ethyl alcohol,' he was unable to compute the value of the solution tension of silver in that solvent. In all the above measurements the alcoholic solutions were positive with respect to the water solutions.
Jones and Smith measured the electromotive force of the cell Zn -ZnCl2*aq -ZnCl2*alc -Zn, and, using the .values for the dissociation of zinc chloride for ethyl alcoholic solutions found by the boiling-point method, calculated the solution tension of zinc in ethyl alcohol to be ELECTROMOTIVE FORCES and SLECTRODE POTENTIALS TN MIXED SOLVENTS.
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between 1*9 x I01° and 2*7 x 10 10, a value approximately I08 smaller than the value in water.
Campetti1 determined the electromotive forces produced between alcoholic and aqueous solutions of the chlorides of ammonium,-lithium, calcium, copper, zinc, and cadmium, and the iodides of zinc and cadmium. He also found that the a&coholic solutions are positive with respect to the aqueous solutions, but made no attempt to calculate solution tensions. is helpful at all." Ha also tested the point as to whether Faraday's laws could be applied to non-aqueous solutions, and found that they also hold for non-aqueous solutions.
The first measurements of the electromotive forces of Since it is impossible to determine the degree of dissociation of these salts in the alcohols, they were unable to calculate the solution tension of these metals.
In working with the zinc electrode they state that their results were neither uniform nor capable of duplication.
Neustadt and Abegg3 investigated a number of celLs containing
Pb(C103)a, CuCl2, 'CdCl2, ZnCl2, Hg (N03) 2, ■ and AgN03,'with the corresponding metals as electrodes, the solvents used being water,.-methyl alcohol, ethyl alcohol, ■ acetone, and pyridine. 
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With the hope that further light might be thrown on the electrochemistry of solutions the present investigation was undertaken,, the object being to study the effect of the nature of the solvent, the concentration,, and the temperature on the electrode potentials and electromotive forces of cells in water, ethyl alcohol, methyl alcohol,'
and in binary mixtures of these solvents. The cells used consisted of a silver electrode immersed in a solution of silver nitrate..
MATERIALS and SOLUTIONS..
WATER.-
The conductivity water used in making up the solutions was prepared according to the method of Jones and Mackay 1. Ordinary distilled water was distilled from a large Jena flask containing a small amount of sulphuric acid and potassium bichromate.. This was then doubly distilled from a similar flask and solution through a retort containing barium hydroxide, condensed in a block-tin condenser, and preserved in glass-stoppered Jena bottles.
ETHYL ALCOHOL.-Ordinary 95% alcohol, which had been allowed to stand over fresh quicklime for several days, or refluxed with quicklime for ten or twelve hours, was first distilled, allowed to stand over anhydrous copper sulphate for two or three weeks,, and then redistilled.
The iiiiddliS portion of this ■ : distillatei. was refluxed with metallic calcium for two or three hours and again distilled. Finally, it was refluxed for a short time with a little silver nitrate and distilled into dry glass-stoppered bottles, ■ which were kept in a dark, -cool place. In each distillation only the portion passing over at 78*3° ± 0*1° C was 6.
collected. This treatment with silver nitrate was found to be absolutely necessary, since otherwise the silver nitrate solutions underwent rapid reduction. Solutions made up with the alcohol so treated kept indefinitely without any apparent reduction.
METHYL ALCOHOL.-Kahlbaum's best grade of methyl alcohol was further purified in the same manner as the ethyl alcohol, except that the treatment with quicklime was omitted.
In each distillation, only that fraction boiling at 60° ± 0* 1° C was collected..
The binary mixtures of the three solvents were made up on a percentage basis by direct weighing, and the weights of each solvent were accurate to ±0*1 gm_ per liter.
SILVER NITRATE*.-Chemically pure silver nitrate was recrystallized by rapid cooling of a hot saturated solution of the salt in conductivity water. It was then washed with ice-cold conductivity water, filtered as dry as possible on a Bfichner funnel, and heated for several hours in a toluene bath at 109° C, all this work being done at night.. This method gave small, drv crystals, which showed no signs of coloring.
It was kept in dark bottles and handled with as little exposure to light as possible..
POTASSIUM CHLORIDE*.-Chemically pure potassium chloride was further purified by reorecipitation from a saturated solution by means of cure hydrogen chloride gas. The product was then filtered on a 8i3chner funnel, washed, and dried in an air bath at 110° to 115°.
AMMONIUM NITRATE* and MERCUR0US CHLORIDE*.-The chemically pure salts were used without further purification.
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SOLUTIONS.-All solutions were prepared by direct weighing, or by the dilution of a freshly prepared solution of a higher concentration in certified flasks, the solutions being made up to volume at 25° C.
Soecial care was taken throughout to avoid exposure of the solutions to the light.
APPARATUS.
The battery consisting of six half-cells and two calomel electrodes was especially designed for this work. Each half-cell was provided with a stop-cock in the side-tube, which could be kept closed, except while readings were being taken, thus preventing diffusion between the different solutions. 
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Both of the constant temperature baths were especially designed for the work and were of sufficient size to accommod&te the whole battery of cells. . The 25°-bath was a large galvanized iron tank, 22 x II x II inches, which was fitted inside a larger wooden box and the space between filled with insulating material. A uniform circulation of the water was obtained by means of an L-shaped pipe,three inches in diameter, the vertical arm opening near the surface of the water at one end of the tank and the other arm opening at the opposite and bottom end. In the vertical arm was a stirrer driven by a water motor, which kept the water constantly stirred. The bath was electrically heated, and the temperature kept at 25° i .0 1° C by means of an electrically controlled regulatorThe zero-bath consisted of a large tin box surrounded by a larger wooden one, the intervening space being filled with insulating material. A cover was provided and arrangements made whereby the bath could be kept closed even while readings were being taken. The battery was suspended in the bath and packed with finely crushed ice moistened with distilled water, and the temperature was assumed to be 0° COnly certified thermometers were used, and these were graduated to 0. 1°, which permitted estimations to 0..0 10. .
Previous experimenters have reported considerable difficulty
in obtaining constant, easily reproducible metallic electrodes. A large amount of preliminary work had to be done therefore before a satisfactory method of preparing the silver electrodes was found.
For the first electrodes a short piece of silver wire, to which had been soldered a small copper wire, was sealed into a narrow glass tube by means of fused silver chloride, leaving about a half an inch of the 10. silver wire exposed. To prevent amalgamation of the silver with the mercury which was used for making contact with the copper wire,' the tube was then filled well above the junction with melted paraffin. Before using, all the electrodes were electroplated in a solution of potassium-silver cyanide.
To insure a uniform plating, they were connected in series and a small current (ten . milliamperes) passed for ten or twelve hours. They were then quickly removed, washed with water, and allowed to stand for twenty-four hours in contact with a plate of pure silver immersed in a silver nitrate solution.
Regardless of these precautions the electrode potentials varied widely, and frequently by as much as ± 5 millivolts. Also, for a given electrode,.' the single potential gradually decreased from its initial value. This change, most rapid at first and then slower, finally attained a constant value after fifteen or twenty minutesUpon examination of the electrodes, the fused silver chloride was found to be disintigrated and partly removed. This difficulty was overcome by sealing the silver wire directly into the glass tubes with soft sealing glass.. That the nature of the surface of the electrode has considerable influence was shown byithe fact that satisfactory agreement between different electrodes was obtained only when their surfaces were smooth.
The following Five electrodes were used in each concentration series, -one reading being taken with each electrode in each solution, the value recorded being the mean. After using, the electrodes were thoroughly rinsed with pure alcohol and dried before being inserted into the next cell..
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THEORETICAL. t t -* r * H l r -----
where Q is the heat of ionization of the metal expressed in calories, and e represents one Faraday. By transposition we obtain,'
Q--a(rr-T-^)
which is the equation used for calculating the heats of ionization.
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In tables I to XII are given the results for ethyl and methyl alcohol and their mixtures. Tables I and II give the electromotive forces of silver in the alcoholic solutions against the 0.10 N calomel electrode.
RESULTS. 
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Electrode Potentials in Ethyl and Methyl Alcohol. It will be observed that,.using the two solvents, the electromotive forces in these cells are independent of the concentration used.
5 E t h y l 2 5 M e t h y l 5 0 E t h y l5 0 M e t h y l 2 5 E t h y l5 M e t h y l 100 M ethyl
If, as has been assumed, the electromotive force at the junction of the two solutions has been entirely eliminated, and since the 1 loc. cit.
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electromotive force of a concentration cell at a given temperature is proportional to the logarithm of the ratio of the ionic concentrations in the two solutions, it follows that the ratio between the ionic concentrations in the two alcohols is independent of the dilution.
The electromotive forces of all the possible concentration cells for each solvent have been determined, and are given in tables VII and VIII.
Concentration Cells in Ethyl and Methyl Alcohol. 25°. 0°. In all the above concentration cells the most concentrated solution is positive with respect to the more dilute ones.
N1 -N2 1 00 Ethyl

5 E t h y l 2 5 M e t h y l 5 0 E t h y l5 0 M e t h y l 2 5 E t h y l5 M e t h y l
5 E t h y l2 5 M e t h y l 50 Et hyl50 Met hyl
It should be borne in mind that the high resistances encountered in these solutions makes the measurement of electromotive force somewhat difficult, and more or less subject to error. Nevertheless the * The conductivities of the 0.01 and 0.005 so&utions were taken from the work of Jones and Souiller, (Am. Chem. Jour., 36, 427, 1906 ) and the others were measured in this laboratory.
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agreement between calculated and observed electromotive forces, except between the two most concentrated solutions, may be considered very satisfactory, ■ and shows without question that the Nernst formula can be applied to non-aqueous solutions.
In tables XIII to XXIII are given the results for water and ethyl alcohol and their mixtures. Tables XIII and XIV give the electromotive forces of silver against the calomel electrode.. Electrode Potentials of Silver in Water and Ethv l Alcohol. In aqueous solutions there is a decrease in the electrode potential of the silver with rise in temperature between 0° and 25°, which is contrary to the behavior in the -alcoholic solutions.
Negative temperature coefficients are found not only in the pure water and 75% water mixtures but also in the more dilute solutions of the remaining binary solvents. It is to be observed that the influence due to the water in these mixtures is displaced toward higher dilutions as the percentage of alcohol increases. Except in the pure ethyl alcohol, the electrode potentials decrease with increasing dilution.
The electromotive forces of concentration cells in water and ethyl alcohol and their mixtures are given in Tables XVIII and   XIX . The values for these cells as calculated form the conductivity data are given in tables XX and XXI.- 
0°.
N1 -N2 100 W ater Concentration Cells in Water and Ethyl Alcohol (Calculated ). Table XXI. 0°.
N1 -N2
1 00 Water 7 5 W a te r25 E thyl 5 0 W a t e r5 0 E t h y l 2 5 W a t e r7 5 E t h y l 100 Ethyl The conductivities of the silver nitrate in water and ethyl alcohol and their mixtures were taken as far as possible from the work of Jones and Basset4 . Those marked * were obtained by interpolation.
Conductivities of Silver Nitrate in Water and Ethyl Alcohol. 
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The effect of changes of solvent on the electrode potentials of silver is shown.in Figs F i g . X . W a t e r a n d M e t h y l 0° F i g . X I . W a t e r a n d M e t h y l 2 5°
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Concentration Cells in Water and Methyl Alcohol. 
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The solution tensions of silver in water, ethyl alcohol and methyl alcohol were calculated by means of the equation, 
